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A.J1.)KypaBJieB 



METHOD FOR PRODUCING L-AMINO ACID USING BACTERIUM, 
BELONGING TO THE GENUS ESCHERICHIA, LACKING ACTIVE MLC GENE. 

Background of the Invention 

Field of invention 

The present invention relates to the microbiological industry, specifically to a method for 
producing L-amino acid using bacterium, belonging to the genus Escherichia, wherein mlc gene 
is inactivated. 

Description of the related art 

Mlc protein is a global regulator (repressor) of carbohydrate metabolism (Decker et al, 
Mol Microbiol 1998, 27:2:381-90; Kimata et al, Mol Microbiol, 1998, 29:6:1509-19; 
Plumbridge, Mol Microbiol, 1998, 27:2:369-80). It was shown Mlc protein regulates expression 
of several genes and operons. There are ptsG gene (Kimata et al, Mol Microbiol, 1998, 
29:6:1509-19; Plumbridge, Mol Microbiol, 1998, 29:4:1053-63; Kim et al, J Biol Chem, 1999, 
274:36:25398-402; Plumbridge, Mol Microbiol 1999, 33:2:260-73; Tanaka et al, Genes Cells, 
1999, 4:7:391-9) encoding membrane-bound subunit, IICB(Glc), of glucose phosphotransferase 
system (PTS), ptsHIcrr operon (encoding general PTS proteins) Kimata et al, Mol Microbiol, 

1998, 29:6:1509-19; Plumbridge, Mol Microbiol, 1998, 29:4:1053-63; Kim et al, J Biol Chem, 

1999, 274:36:25398-402; Plumbridge, Mol Microbiol 1999, 33:2:260-73; Tanaka et al, Genes 
Cells, 1999, 4:7:391-9), manXYZ operon encoding enzyme II of mannose PTS ( Plumbridge, 
Mol Microbiol, 1998, 29:4:1053-63), malT gene encoding the activator of maltose regulon 
(Decker et al, Mol Microbiol 1998, 27:2:381-90). 

Genes of mlc regulon are also positively regulated by CRP-cAMP complex (Chapon and 
Colb, J. Bacterid., 1983, 156:1 135-43; Decker et al, Mol. Microbiol., 1998,27:2:381-90; 
Kimata et al, Mol. Microbiol., 1998, 29:6:1509-19; Plumbridge, Mol. Microbiol., 1998, 
27:2:369-80; Plumbridge, Mol. Microbiol., 1998, 29:4:1053-63; Kim et al, J. Biol. Chem, 1999, 



274:36:25398-402; Plumbridge, Mol. Microbiol 1999, 33:2:260-73; Tanakaet al, Genes Cells, 
1999,4:7:391-9) 

Regulation of mlc gene transcription is remarkably complicated. First, it is negatively 

t 

/ 

regulated by Mlc protein itself. Unphosphorylated EIICB(Glc) (product of ptsG gene) can 
sequester Mlc protein from its binding site by direct protein-protein interaction and therefore 
induce expression of mlc regulon in response of glucose (Tanaka et al, EMBO J, 2000, 19:20, 
5344-52; Lee et al, EMBO J, 2000, 19:20:5353-61; Nam et al, EMBO J, 2001, 20:3:491-8). 
Second, transcription of mlc gene is performed by two promoters PI and P2 (Shin et al, J. Biol. 
Chem. 2001, 276:28:25871-75). Promoter PI is recognized only by RNA polymerase, containing 
the housekeeping sigma factor a 70 (Ea 70 ), while the promoter P2 can be recognized by both Eg 
and Eo 32 , containing the heat shock sigma factor. Thus mlc gene belongs to a class of genes, 
transcribed from the multiple promoters including one recognized by RNA polymerase 
associated with the alternative sigma factor in order to respond to various environmental 
conditions. In addition, a highly conserved CRP-binding site present within the mlc promoter 
(Shin et al, J. Biol. Chem. 2001, 276:28:25871-75). 

Transport of carbohydrates provided by PTS may be the limiting step in overproduction 
of some amino acids. So, the inactivation of product of mlc gene, which negatively regulates 
PTS genes expression, seems to be necessary for increasing of amino acid production. In the 
populations of Escherichia coli growing in the glucose-limited environment the polygenic 
mutations in mgl> mlc and malT genes were found (Manch K., Genetics, 1999,153:1:5-12). But at 
the present time there is no report of inactivation of mlc gene used for producing of L-amino 
acid. 

Disclosure of the Invention 
An object of present invention is to enhance the productivity of L-amino acid producing 
strains and to provide a method for producing L-amino acid using these strains. 
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This aim was achieved by finding that the inactivation of mlc gene encoding the repressor 
of carbohydrate metabolism can enhance production of L-amino acid, such as L-threonine. Thus 
the present invention has been completed. 

The present inventions are as follows: 

1) . An L-amino acid producing bacterium belonging to the genus Escherichia, wherein 

the bacterium has been modified to have mlc gene inactivated. 

2) . The L-amino acid producing bacterium, wherein L-amino acid is L-threonine. 

3) . A method for producing L-amino acid, which method comprises the steps of: 

- cultivating the bacterium according to any 1 or 2 in a medium to produce and 
accumulate L-amino acid in the medium, and 

- collecting L-amino acid from the medium. 

4) . The method according to 3), wherein L-amino acid is L-threonine. 

5) . The method according to 4), wherein the bacterium has been modified to have 

enhanced expression of L-threonine operon. 
The present invention is described in details below. 

1 . Bacterium of the present invention 

The bacterium of the present invention is an L-amino acid producing bacterium 
belonging to the genus Escherichia, wherein the bacterium has been modified to have mlc gene 
inactivated. 

In the present invention, "L-amino acid producing bacterium" means a bacterium, which 
has an ability to accumulate L-amino acid in a medium, when the bacterium of the present 
invention is cultured in the medium. The L-amino acid producing ability may be imparted or 
enhanced by breeding. The term "L-amino acid producing bacterium" used herein also means a 
bacterium, which is able to produce and accumulate L-amino acid in a culture medium in amount 
larger than a wild type or parental strain of E. coli, such as E. coli K-12 strain. 
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The term "a bacterium belonging to the genus Escherichia" means that the bacterium is 
classified as the genus Escherichia according to the classification known to a person skilled in 
the microbiology. As examples of the microorganism belonging to the genus Escherichia used in 
the present invention, Escherichia coli (E. coli) can be mentioned. 

The bacterium belonging to the genus Escherichia that can be used in the present 
invention is not particularly limited, however for example, bacteria described by Neidhardt, F.C. 
et al. {Escherichia coli and Salmonella typhimurium, American Society for Microbiology, 
Washington D.C., 1208, Table 1) can be mentioned. 

The term "mlc gene is inactivated" means that the target gene is modified in the way that 
the modified gene encodes a mutant protein with decreased capacity for regulation or such gene 
encodes completely inactive protein. It is also possible, that the modified DNA region is unable 
to provide the natural expression of Mlc protein due to deletion of a part of the gene or 
modification of adjacent region of the gene. 

Inactivation of mlc gene coding for the repressor of PTS brings an increasing the supply 
of carbon source, such as glucose, into the cell of L-amino acid producing bacterium. 

The mlc gene codes for Mlc protein (406 amino acid residues), which is a global 
repressor of carbohydrate metabolism. The mlc gene (gi:16129552; numbers 1665368 to 
1666588 in the GenBank accession number NC_000913.1) is located between bl593 and ynfL 
genes on the chromosome of E. coli strain K-12. 

Inactivation of the gene can be performed by conventional methods, such as mutagenesis 
treatment using UV irradiation or nitrosoguanidine (N-methyl-N'-nitro-N-nitrosoguanidine) 
treatment, site-directed mutagenesis, gene disruption using homologous recombination or/and 
insertion-deletion mutagenesis (Datsenko K.A. and Wanner B.L., Proc. Natl. Acad. Sci. USA, 
2000, 97:12: 6640-45) also called as a "Red-driven integration". 



L- threonine producing bacterium 
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As a bacterium of the present invention, which has to be modified to have mlc gene 
inactivated, the L-threonine producing bacteria may be used. 

The bacterium of the present invention may be improved by enhancing the expression of 
one or more genes involved in the L-threonine biosynthesis. Such genes are exemplified by 
genes of L-threonine operon, i.e. thr operon, which preferably comprises the mutant thrA gene, 
which codes for aspartokinase homoserine dehydrogenase I resistant to feed back inhibition by 
threonine; the thrB gene, which codes for homoserine kinase; the thrC gene which codes for 
threonine synthase. Another preferred embodiment of the bacterium is modified to enhance the 
rhtA gene, which codes for putative transmembrane protein. Another preferred embodiment of 
the bacterium is modified to enhance the aspC gene, which codes for aspartate aminotransferase 
(aspartate transaminase) (Russian patent application No. 2002104983). The most preferred 
embodiment of the bacterium is modified to increase expression amount of aspC gene, the 
mutant thrA gene, the thrB gene, the thrC gene, the rhtA gene and modified to inactivate mlc 
gene. 

As a parent strain, the L-threonine producing bacteria belonging to the genus Escherichia 
such as E. coli strain VKPM B-3996 (US Patent 5, 175, 107, US patent 5,705,371), E. coli strain 
NRRL-21593 (US Patent 5,939,307), E. coli strain FERM BP-3756 (US patent 5,474,918), E. 
coli strains FERM BP-3519 and FERM BP-3520 (US patent 5,376,538), E. coli strain MG442 
(Gusyatiner et al., Genetika (in Russian), 14, 947-956 (1978)), E. coli strains VL643 and 
VL2055 (EP 1 14991 1 A) and the like may be used. 

The bacterium of the present invention can be obtained by inactivation of in the 
bacterium inherently having ability to produce L- amino acid. Alternatively, the bacterium of 
present invention can be obtained by imparting ability to produce L- amino acid to the bacterium 
already having mlc gene inactivated. 

Methods for preparation of plasmid DNA, digestion and ligation of DNA, transformation, 
selection of an oligonucleotide as a primer and the like may be ordinary methods well known to 
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one skilled in the art. These methods are described, for instance, in Sambrook, J., Fritsch, E.F., 
and Maniatis, T., "Molecular Cloning A Laboratory Manual, Second Edition", Cold Spring 
Harbor Laboratory Press (1989). 

2. Method of the present invention 

The method of the present invention is a method for producing L-amino acid, which 
method comprises the steps of cultivating the bacterium of the present invention in a culture 
medium to produce and accumulate L-amino acid in the medium, and collecting L-amino acid 
from the medium. Concretely, the method of the present invention is a method for producing L- 
threonine, which method comprises the steps of cultivating the bacterium of the present 
invention in a culture medium to produce and accumulate L-threonine in the medium, and 
collecting L-threonine from the medium. 

In the present invention, the cultivation, the collection and purification of L-amino acid 
from the medium and the like may be performed in a manner similar to the conventional 
fermentation method wherein an amino acid is produced using a bacterium. 

A medium used for culture may be either a synthetic medium or a natural medium, so 
long as the medium includes a carbon source and a nitrogen source and minerals and, if 
necessary, appropriate amounts of nutrients which the bacterium requires for growth. The carbon 
source may include various carbohydrates such as glucose and sucrose, and various organic 
acids. Depending on the mode of assimilation of the used microorganism, alcohol including 
ethanol and glycerol may be used. As the nitrogen source, various ammonium salts such as 
ammonia and ammonium sulfate, other nitrogen compounds such as amines, a natural nitrogen 
source such as peptone, soybean-hydrolysate, and digested fermentative microorganism are used. 
As minerals, potassium monophosphate, magnesium sulfate, sodium chloride, ferrous sulfate, 
manganese sulfate, calcium chloride, and the like are used. As vitamins, thiamine, yeast extract 
and the like are used. 
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The cultivation is performed preferably under aerobic conditions such as a shaking 
culture, and stirring culture with aeration, at a temperature of 20 to 40 °C, preferably 30 to 38 °C. 
The pH of the culture is usually between 5 and 9, preferably between 6.5 and 7.2. The pH of the 
culture can be adjusted with ammonia, calcium carbonate, various acids, various bases, and 
buffers. Usually, a 1 to 5-day cultivation leads to the accumulation of the target L-amino acid in 
the liquid medium. 

After cultivation, solids such as cells can be removed from the liquid medium by 
centrifugation or membrane filtration, and then L-amino acid can be collected and purified by 
ion-exchange, concentration and crystallization methods. 

Brief Description of Drawings 
Figure 1 shows relative position of the primers mlcIL and mlcIR on plasmid pACYC184 used 
for amplification of cat gene. 

Figure 2 shows the construction of chromosomal DNA fragment comprising inactivated mlc 
gene. 

Best Mode for Carrying out the Invention 
The present invention will be more concretely explained below with reference to Examples. 

Example 1 . Construction the strain with inactivated mlc gene. 
1. Deletion of mlc gene. 

Deletion of mlc gene was constructed by means of the method firstly developed by 
Datsenko and Wanner (Proc. Natl. Acad. Sci. USA, 2000, 97(12), 6640-6645) called as a "Red- 
driven integration". According to this procedure, the PCR primers mlcIL (SEQ ID NO: 1) and 
mlcIR (SEQ ID NO: 2) homologous to the both region adjacent to the mlc gene and gene 
conferring antibiotic resistance in the template plasmid were constructed. The plasmid 
pACYC184 (NBL Gene Sciences Ltd., UK) (GenBank/EMBL accession number X06403) was 
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used as a template in PCR reaction. Conditions for PCR were following: denaturation step for 3 
min at 95 °C; profile for two first cycles: 1 min at 95 °C, 30 sec at 34 °C, 40 sec at 72 °C; profile 
for the last 30 cycles: 30 sec at 95 °C, 30 sec at 50 °C, 40 sec at 72 °C; final step: 5 min at 72 °C. 

Obtained 935 bp PCR product (Fig. 1, SEQ ID NO: 3) was purified in agarose gel and 
used for electroporation of the E. coli strain MG1655, containing the plasmid pKD46 with 
temperature sensitive replication. The plasmid pKD46 (Datsenko and Wanner, Proc. Natl. Acad. 
Sci. USA, 2000, 97:12:6640-45) includes 2,154 nucleotides (31088-33241) DNA fragment of 
phage X (GenBank accession No. J02459), containing genes of X Red homologous 
recombination system (y, p, exo genes) under control of arabinose-inducible ParaB promoter. The 
plasmid pKD46 is necessary for integration of the PCR product into chromosome of the strain 
MG1655. 

Electrocompetent cells were prepared as follows: night culture of E. coli strain MG1655 
grown at 30 °C in LB medium, supplemented with ampicillin (100 mg/1), was diluted in 100 
times with 5 ml of SOB medium (Sambrook et al, "Molecular Cloning A Laboratory Manual, 
Second Edition", Cold Spring Harbor Laboratory Press (1989)) with ampicillin and L-arabinose 
(1 mM). Obtained culture was grown with aeration at 30 °C to an OD 60 o of «0.6 and then made 
electrocompetent by concentrating 1 00-fold and washing three times with ice-cold deionized 
H 2 0. Electroporation was performed using 70 jal of cells and «100 ng of PCR product. Cells 
after electroporation were incubated with 1 ml of SOC medium (Sambrook et al, "Molecular 
Cloning A Laboratory Manual, Second Edition", Cold Spring Harbor Laboratory Press (1989)) 
at 37 °C for 2.5 h and after that plated onto L-agar and were growing at 37 °C to select Cm R 
recombinants. Then to eliminate the pKD46 plasmid, 2 passages on L-agar with Cm at 42 °C 
were performed and the obtained colonies were tested for sensitivity to ampicillin. 

2. Verification of mlc gene deletion by PCR. 

The mutants, containing the deletion of mlc gene, marked with Cm resistance gene, were 
verified by PCR. Locus-specific primers mlcPL (SEQ ID NO: 4) and mlcPR (SEQ ID NO: 5) 
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were used in PCR for the verification. Conditions for PCR verification were following: 
denaturation step for 3 min at 94 °C; profile for the 30 cycles: 30 sec at 94 °C 5 30 sec at 52 °C, 2 
min at 72 °C; final step: 7 min at 72 °C. PCR product, obtained in the reaction with the cells of 
parental Mlc + strain MG1655 as a template, was 1492 nucleotides in length (Fig.2 5 SEQ ID NO: 
6). PCR product, obtained in the reaction with the cells of mutant MG1655 Amlc::cat strain as a 
template, was 1191 nucleotides in length (Fig.2, SEQ ID NO: 7). 

3. Construction of threonine producing strain with inactivated mlc gene. 

Threonine producing strain E. coli TDH7/pRT614 (VKPM B-5318, US patent 6,132,999) 
was transduced to Cm resistance by the standard procedure of PI transduction (Sambrook et al, 
"Molecular Cloning A Laboratory Manual, Second Edition", Cold Spring Harbor Laboratory 
Press (1989)). The strain MG1655 Amlc::cat was used as a donor. The resulted strain 
TDH7Amlc::cat/pRT614 was verified by PCR to have Amlc::cat deletion by means of primers 
mlcPL (SEQ ID NO: 4) and mlcPR (SEQ ID NO: 5). 

Example 2. Production of L-threonine by E. coli strain with inactivated mlc gene. 

Both E. coli strain TDH7/pRT614 and TDH7Amlc::cat/pRT614 was grown during 18-24 
hours at 37 °C on L-agar plates containing streptomycin (50 jag/ml). Then one loop of the cells 
was transferred to 50 ml of L-broth of the following composition: trypton - 10g/l, yeast extract - 
5 g/1, NaCl - 5 g/1. The cells (50 ml, OD 54 o - 0.12 o.u.) grown at 37 °C within 4 hours on shaker 
(140 rpm) was used for seeding 450 ml of the medium for fermentation. The batch fermentation 
was performed in laboratory fermenter having a capacity of 1 .0 1 under aeration (1/1 wm) with 
stirring at a speed of 1200 rpm at 39 °C. The pH value was maintained automatically at 6.6 using 
8% ammonia liquor. The results are presented in Table 1 . 

The composition of the fermentation medium (g/1): 

Glucose 100.0 

NH 4 C1 1.75 



KH 2 P0 4 
MgS0 4 x 7H 2 0 
FeS0 4 x 7H 2 0 
MnS0 4 x 5H z O 
Mameno(TN) 
Betaine 



1.0 

0.8 

0.01 

0.01 

0.15 

1.0 



Glucose and magnesium sulfate are sterilized separately. pH is adjusted to 6.6. 



Table 1 



Strain 


Amount of 


Yield, % 


DCW, g/1 


Cultivation 




threonine, g/1 






time, h 


TDH7/pRT614 


12.6 


13.3 


16.6 


22.8 


TDH7Amlc: :cat/pRT6 1 4 


16.9 


18.2 


16.8 


21.7 



As it is seen from Table 1, inactivation of the mlc gene improved the L-threonine 



accumulation by the L-threonine producing strain TDH7/pRT614. 
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SEQUENCE LISTING 



<110> Aj inomoto-Genetika Research Institute 

<120> METHOD FOR PRODUCING L-AMINO ACID USING BACTERIUM, 

BELONGING TO THE GENUS ESCHERICHIA, LACKING ACTIVE MLC 
GENE . 

<140> 
<141> 

<160> 7 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 64 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 1 

agacgaatca acaaagaacc gttatacatc gcgtctatac ctgtgacgga agatcacttc gcag 



<210> 2 
<211> 63 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 2 

cggagcgcga aaatataggg agtatgcggt ggttgcaatt acgccccgcc ctgccactca teg 63 



60 



<210> 3 
<211> 935 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: cat gene 
flanked by regions for integration 

<400> 3 

agacgaatca acaaagaacc gttatacatc gcgtctatac ctgtgacgga agatcacttc 

gcagaataaa taaatcctgg tgtccctgtt gataceggga agccctgggc caacttttgg 120 

cgaaaatgag aegttgateg geaegtaaga ggttccaact ttcaccataa tgaaataaga 180 

tcactaccgg gcgtattttt tgagttatcg agattttcag gagctaagga agctaaaatg 240 

gagaaaaaaa tcactggata taccaccgtt gatatatccc aatggcatcg taaagaacat 300 

tttgaggcat ttcagtcagt tgctcaatgt acctataacc agacegttea gctggatatt 360 

aeggectttt taaagaccgt aaagaaaaat aagcacaagt tttatcegge ctttattcac 420 

attcttgccc gectgatgaa tgctcatccg gaattccgta tggcaatgaa agaeggtgag 480 

ctggtgatat gggatagtgt tcacccttgt tacaccgttt tccatgagca aactgaaacg 540 

ttttcatege tctggagtga ataccacgac gatttcegge agtttctaca catatattcg 600 

caagatgtgg cgtgttacgg tgaaaacctg gcctatttcc ctaaagggtt tattgagaat 660 

atgtttttcg tctcagccaa tccctgggtg agtttcacca gttttgattt aaacgtggcc 720 

aatatggaca acttcttcgc ccccgttttc accatgggca aatattatac geaaggegae 780 

aaggtgctga tgccgctggc gattcaggtt catcatgccg tctgtgatgg cttccatgtc 840 

ggcagaatgc ttaatgaatt acaacagtac tgcgatgagt ggcagggegg ggcgtaattg 900 
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caaccaccgc atactcccta tattttcgcg ctccg 



935 



<210> 4 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 4 

cagaagtgtc tgtaccggt 19 



<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 5 

aatgtgctgt taatcacatg c 21 



<210> 6 
<211> 1492 
<212> DNA 

<213> Escherichia coli 
<400> 6 

cagaagtgtc tgtaccggta ataaagaaac gcttcagcat cactaactcc accgttatgc 60 

ttcacaaata taaaccagga aaataattaa ccttgaaagt ctaagttatg ctttcctggc 120 

ccaaattgag atagcgcaaa ttttggtaga acagttaaaa aatgttaacc ctgcaacaga 180 

cgaatcaaca aagaaccgtt atacatcgcg tcttttacca gtgcagcgcc tgccatcgtg 240 

ccctggttag aaaactgagt actctcaacg ctgatgtgct gactatacgc aggaagggcc 300 

tgctgacgga tgctgtctga gatgaccggg aagaggatat ctgccgcttt acttaacggt 360 

gagccaatca gtattttttg tgggttaaat aaattcacca tgatggcaag aatgcgcccg 420 

acatgcgcgc ccaccccggt aatgatgtct tttgccagta gatcgccgcg caatgccgcc 480 

tgacacaatg agtccacggt taacggttgt ccatgtaaca tcgagctcat ggattgatta 540 

agacgcagct gtgccagctc aagaatactg tccacgctgg cgatggtttc gaggcagccg 600 

tgattcccgc aataacagcg tttcccatac gggtcgacct gtgtgtggcc tatttccacg 660 

agactactgc tgcctgcgtg tagcagatga ccatcggtaa tgacgcccgc ccccacgttg 720 

tgatcgataa ccacctgaat cacatcgcgc gccccgcgtg aggcaccaaa caaggcctct 780 

gccatcgtcc atgcgctgat atcatgctga atataaaccg gaacgccggt atgctgctcc 840 

agcgcctcgc cgagcggcat ctcttttaca tcctcgtaga acggcatgcg atgtacaata 900 

ccattttccg tatcaataat tcccggcaag gttatggcaa tcgaagttag acgctcaagt 960 

tttttctggt ggcggataaa aaactgatcg atatgggaaa taatacgatc cagcaatggc 1020 

aagtcatctt ttaacgccag ttcctgcgac tcttccacca ccagtttgct gctcagatcg 1080 

cgcagagcaa ggaaaatctc cccgcgacta atgcgcagag aaagatagtg ccaggcttca 1140 

gtttcaacca ccagccccac cgccggacgg ccacggttcc ccgcttcttt gatttccagc 1200 

tcttgcacca ggtgtgcttc gagcatctca cggacaattt tagtgatact ggcaggagcc 1260 

agttgcgcca gacgggaaag atcgatacgc gagactggac caagctgatc aatcaggcga 1320 

taaaccgcgc ccgcgttggt ctgctttatt tgatcaatgt gcccaggctg gttttcagca 1380 

accaccgcat actccctata ttttcgcgct ccgaaataat ctgtaggcta tggtgaagca 1440 

cttcaatacg tgtcgtcaaa tttttactta ggcatgtgat taacagcaca tt 1492 



<210> 7 
<211> 1196 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: delta mlc::cat 
fragment 



<400> 7 

cagaagtgt c 

ttcacaaata 

ccaaattgag 

cgaatcaaca 

gaataaataa 

aaatgagacg 

ctaccgggcg 

aaaaaaatca 

gaggcatttc 

gcctttttaa 

cttgcccgcc 

gtgatatggg 

tcatcgctct 

gatgtggcgt 

tttttcgtct 

atggacaact 

gtgctgatgc 

agaatgctta 

ccaccgcata 

ttcaatacgt 



tgtaccggta 
taaaccagga 
atagcgcaaa 
aagaaccgtt 
atcctggtgt 
ttgatcggca 
tattttttga 
ctggatatac 
agtcagttgc 
agaccgtaaa 
tgatgaatgc 
atagtgttca 
ggagtgaata 
gttacggtga 
cagccaatcc 
tcttcgcccc 
cgctggcgat 
atgaattaca 
ctccctatat 
gtcgtcaaat 



ataaagaaac 
aaataattaa 
ttttggtaga 
atacatcgcg 
ccctgttgat 
cgtaagaggt 
gttatcgaga 
caccgttgat 
tcaatgtacc 
gaaaaataag 
tcatccggaa 
cccttgttac 
ccacgacgat 
aaacctggcc 
ctgggtgagt 
cgttttcacc 
tcaggttcat 
acagtactgc 
tttcgcgctc 
ttttacttag 



gcttcagcat 
ccttgaaagt 
acagtt aaaa 
tctatacct g 
accgggaagc 
tccaactttc 
ttttcaggag 
atatcccaat 
tataaccaga 
cacaagtttt 
ttccgtatgg 
accgttttcc 
ttccggcagt 
tatttcccta 
ttcaccagtt 
atgggcaaat 
catgccgtct 
gatgagtggc 
cgaaataatc 
gcatgtgatt 



cactaactcc 
ctaagttatg 
aatgttaacc 
tgacggaaga 
cctgggccaa 
accataatga 
ctaaggaagc 
ggcatcgtaa 
ccgt t cagct 
atccggcctt 
caatgaaaga 
atgagcaaac 
ttctacacat 
aagggtttat 
ttgatttaaa 
attatacgca 
gtgatggctt 
agggcggggc 
tgtaggctat 
aacagcacat 



accgttatgc 60 
ctttcctggc 120 
ctgcaacaga 180 
tcacttcgca 240 
cttttggcga 300 
aataagatca 360 
taaaatggag 420 
agaacatttt 480 
ggatattacg 540 
tattcacatt 600 
cggtgagctg 660 
tgaaacgttt 720 
atattcgcaa 780 
tgagaatatg 840 
cgtggccaat 900 
aggcgacaag 960 
ccatgtcggc 1020 
gtaattgcaa 1080 
ggtgaagcac 1140 
t 1191 
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Fig. 1 . Relative position of the primers mlcIL and mlcIR on plasmid pACYC184 




Primer mlcIL 




pACYC184 

(4245 bp) 




Primer mlcIR 



PCR 



->vr~-.< •: , •-5".* » 



mlcIL 



cat gene 



mlcIR 



Obtained PCR product (935 bp) 
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► 



Fig. 2. Construction of chromosomal DNA fragment comprising inactivated mlc gene 



mlc gene 




Sites for primers: mlcPL mlcIL 




mlcIL 



cat gene 



mlclR 



mlclR mlcPR 



Red-driven 
integration 



Am!c::cat gene 



mlcPL mlcIL 



mlclR mlcPR 
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What is claimed is: 

1 . An L-arnino acid producing bacterium belonging to the genus Escherichia, wherein the 

bacterium has been modified to have mlc gene inactivated. 

2. The L-amino acid producing bacterium, wherein L-amino acid is L-threonine. 

3. A method for producing L-amino acid, which method comprises the steps of: 

- cultivating the bacterium according to claim 1 in a medium to produce and 
accumulate L-amino acid in the medium, and 

- collecting L-amino acid from the medium. 

4. The method according to claim 3, wherein L-amino acid is L-threonine. 

5. The method according to claim 4, wherein the bacterium has been modified to have 

enhanced expression of L-threonine operon. 
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Abstract of disclosure 

There is provided a method for producing L-amino acid, such as L-threonine, using 
bacterium belonging the genus Escherichia with inactivated mlc gene coding for global regulator 
of carbohydrate metabolism. 
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